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Tracheomalacia is a malformation of the tracheal membranosa. It is maintained during spontaneous breathing but 
can be altered by bronchoscopy or positive airway pressure. Tracheomalacia is associated with a high mortality and 
may cause prolonged intubation and ventilation. Here, the case of a 13-day-old infant with jejunoileal stenosis that 
had surgery is reported. During induction of general anesthesia, endotracheal intubation was attempted several 
times with different sized endotracheal tubes. Airway obstruction occurred after the endotracheal intubation. After 
the airway was maintained, the operation was completed. Tracheomalacia was diagnosed after otolaryngology 
evaluation postoperatively. (Korean J Anesthesiol 2010; 59: S30-S32)
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    Tracheomalacia is a rare, serious malformation associated 
with a high mortality rate in the neonate [1], it can require 
prolonged mechanical ventilation with endotracheal intubation. 
Tracheomalacia is caused by abnormality of tracheal cartilage 
resulting in the weakening of the tracheal wall. The airway is 
maintained during spontaneous breathing. However, the airway 
may be transformed when the pressure of the trachea changes 
or by the passage of a bronchoscope [2]. Tracheomalacia can 
easily be affected by the aorta anteriorly and the esophagus 
posteriorly [3]. There are previous cases reported where [4,5] 
in patients anesthesized after diagnosed with tracheomalacia. 
There is no report in which patients were suspected of having 
tracheomalacia during induction of anesthesia. Here, a 
newborn is reported with obstruction of the airway that was 
suspected to be due to tracheomalacia. 
Case Report
    The patient was a 13-day-old male infant 1,350 g at birth, 
who was born by cesarean delivery. Pulmonary surfactant 
was administered via an endotracheal tube twice because of 
respiratory distress syndrome and the newborn was provided 
with mechanical ventilation for 35 hours. The patient received 
oxygen by hood until the sixth day of life, and received 2.5 mg S31 www.ekja.org
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injections of aminophylline every 12 hours because of apnea 
diagnosed on the eighth day of life. Surgery was planned due 
to jejunoileal obstruction, diagnosed by a gastrograffin enema. 
Gavage feeding was discontinued and bile excretion was noted. 
    Before the surgery, the vital signs were stable. There were no 
abnormalities on the ECG or chest X-ray. On the day of surgery, 
the weight was 1,390 g and there was no premedication before 
the anesthesia. Standard monitoring (electrocardiogram, 
noninvasive blood pressure and peripheral pulse oxygen 
saturation) was performed. Injection of 500 ml of 10% dextrose 
water + NaCl 15 mEq + heparin 500 IU 8 ml/hr was carried 
out via the internal jugular vein using a 24 gauge catheter and 
was maintained at 10-0 ml/hr during the surgery. An 8 vol% 
of sevoflurane was administered and then maintained with 
a 3 vol% of sevoflurane. Fresh gas flow was maintained with 
O2 1 L/min and air 4 L/min. Injection of 1 mg of rocuronium 
was administered because there was no difficulty with mask 
ventilation.
    Two minutes later, intubation with a 2.0 mm ID (internal 
diameter) endotracheal tube was attempted. After the 
endotracheal intubation, the patient could not be ventilated. 
The EtCO2 was measured at 0 mmHg. Therefore, the endo-
tracheal tube was removed and mask ventilation was provided. 
The tube was checked and intubation attempted again with 
the same endotracheal tube, two minutes later. However, 
the second attempt failed and mask ventilation was again 
provided. Endotracheal intubation was attempted by a different 
anesthesiologist, however, all attempts failed.
    Tracheal intubation with a 2.5 mm ID endotracheal tube was 
attempted. After the intubation, ventilation was successful and 
breath sounds present bilaterally. The tube was fixed at 7 cm the 
tube was cut from 12 cm to reduce the dead space. After cutting 
the tube, ventilation failed and the EtCO2 was 0 mmHg. There 
was no change in the depth; ventilation could not be provided 
and there were no breath sounds. The endotracheal tube was 
removed and mask ventilation was provided again. Intubation 
with the same endotracheal tube after two minutes was tried 
again. The ventilation was successful and breathing sounds 
could be heard in the lungs bilaterally. The tube was fixed at 7 
cm and cut from 12 cm to reduce the dead space. After cutting 
the tube, ventilation failed and the EtCO2 was 0 mmHg again. 
One-lung ventilation was suspected, so manual ventilation was 
attempted, changing the depth of the endotracheal tube. 
    Intubation with a 3.0 mm ID endotracheal tube was attempted. 
After the intubation, ventilation was successful and breath 
sounds were detected bilaterally, in addition, to regular capno-
graphy of the EtCO2. The tube was fixed at 7 cm and cut from 12 
cm to reduce the dead space. However, this time the ventilation 
was successful. Manual ventilation was maintained without any 
additional problems. Twenty minutes before the end of surgery, 
spontaneous ventilation was encouraged. Injections with 
0.05 mg of pyridostigmine and 0.01 mg of glycopyrrolate were 
provided and spontaneous ventilation occurred. After surgery, 
the patient was transferred to the ICU for potential apnea 
and mechanical ventilator care. The duration for anesthesia 
was 2 hr 30 min and the operation was 2 hr. There was no 
specific change in the BP or HR. The SpO2 was maintained 
at 95%. Two hours after surgery, the endotracheal tube was 
removed because the respirations were stable. Fifteen days 
later, an otorhinolaryngologist diagnosed tracheomalacia by 
laryngoscope examination. However, rigid bronchoscopy was 
not performed for confirmation, because there were no specific 
symptoms at that time. The patient recovered without any 
respiratory problems.
Discussion
    Cough, inspiratory stridor, and recurrent pneumonia are sym-
ptoms associated with tracheomalacia; the most severe sym-
ptom is apnea. In most cases, symptoms improve spontaneously 
and patients require conservative care. However, if severe 
apnea develops, recurrent pneumonia, or extubation failure, 
surgery is needed. Chest x-rays and bronchoscopy are used for 
the diagnosis. Tracheal narrowing is noted with expiration. On 
barium esophagography the trachea can be easily flattened by 
the esophagus [3]. 
    Tracheomalacia is frequently associated with other congenital 
anomalies such as an esophageal stricture or tracheoesophageal 
fistula. It is also associated with tumors that can press on 
the trachea, connective tissue disorders and long-term high 
pressure ventilator care [6]. Common symptoms associated 
with a tracheoesophageal fistula include dyspnea during 
feeding, cyanosis, and aspiration pneumonia caused by 
regurgitation of food or saliva; this can be diagnosed by failure 
of attempts to insert a nasogastric tube. The diagnosis is usually 
made immediately after birth or within 15 days of life [7]. The 
H-type of tracheoesophageal fistula, which is not associated 
with an esophageal stricture, may have no specific symptoms 
until adulthood [8]. A tracheoesophageal fistula should be 
suspected when ventilation is not successful after endotracheal 
intubation. However, in this case, a tracheoesophageal fistula 
was ruled out because the patient had gavage tube feeding and 
there were no specific signs on the gastrograffin test. 
    Ventilation was not successful with a 2.0 mm ID tube or a cut 
2.5 mm ID tube in this case. However, with a 3.0 mm ID tube, 
ventilation was successfully maintained. This is presumable 
explained by hydromechanics.
    The relationship between the flow, the tube and gas in a 
straight tube is explained by the Hagen-Poiseuille equation [9]. 
The Hagen-Poiseuille equation is as follows: V = πΔPr4/8uL (V = S32 www.ekja.org
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flow and π = 3.1416, P = pressures, r = radius of tube, L = length 
of tube, u = viscosity of gas). A tube with a smaller radius has 
greater flow; the flow was greatest for the 2.0 mm ID tube and 
slowest with the 3.0 mm ID tube. According to the Bernoulli 
effects, pressure decreases as the flow increases, at narrow 
points [9]. Turbulent flow occurs at the end of the tube where 
the radius of the tube changes. The relationship between the 
flow and the pressure is as follows: V ∝ ΔP
1/2 [9].
    It is assumed that the obstruction of the airway was caused 
by the pressure outside of the tube. Flow increases with the 2.0 
mm ID tube more than with 3.0 mm ID tube. The faster flow 
passes to the end of the tube and the pressure inside of the tube 
decreases when the faster flow passes the narrow point caused 
by the tracheomalacia. At that moment, obstruction of the 
airway occurs due to pressure outside of the tube. 
    In this case, ventilation was not successful immediately after 
the tube was cut to reduce the dead space when a 2.5 mm ID 
tube was used. This was likely caused by the Hagen-Poiseuille 
equation. Ventilation failure after cutting the tube was caused 
by obstruction of the airway due to a decrease in the pressure. 
The decrease in pressure was caused by shortening of the length 
of the tube which increases the flow rate; then, faster flow 
passes through the narrow segment.
    Manczur et al. [10] reported that with a 4.0 mm ID tube, there 
is a 22% decrease in the resistance when the length of tube was 
changed to 11.3 cm from 20.7 cm. The resistance is proportional 
to the pressure. The decrease of the pressure by 22% was 
associated with shortening of the length of the endotracheal 
tube. For endotracheal tubes smaller than the 4.0 mm ID tube, 
the decrease in the radius is associated with a rapid increase in 
the pressure. An increase in the gas flow from 5 L/min to 10 L/
min causes an increase of pressure from 81.2 H2O/L/sec to 139.4 
H2O/L/sec in a 2.5 mm ID tube while the pressure changes from 
3.1 H2O/L/sec to 4.6 H2O/L/sec in a 6.0 mm ID tube [10]. 
    In this case, the 2.5 mm ID tube length was changed from 18 
cm to 12 cm and the 3.0 mm ID tube length was changed from 
19 cm to 12 cm. The flow in the tube was not laminar flow but 
turbulent flow, which is not directly proportional to the pressure 
or length. The decrease in pressure was 18% and 19%, each, 
according to the relationship between the length of laminar 
flow and the pressure. 
    Disappearance of the parabola form, with turbulent flow, 
can lead to an increase in the pressure [9]. It is assumed that 
the decrease of pressure is lower with turbulent flow than with 
laminar flow. During manual ventilation, 5 L/min was used; 
however, the fresh gas flow rate was briefly more than 10 L/min. 
It is assumed that the resistance increased rapidly in the smaller 
tube. 
    This patient received mechanical ventilator care and oxygen 
hood treatment before surgery; there were no abnormal symptoms 
associated with respiration. Blair et al. [11] reported that 95% 
of patients with tracheomalacia have no symptoms until two to 
three months after birth. Thus, when obstruction of the airway 
occurs during induction of general anesthesia, tracheomalacia 
should be suspected. It is important to select the radius and 
length of a tube carefully when endotracheal intubation is 
performed in a patient with tracheomalacia. 
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